5-Fluorouracil (5-FU) based treatment is the standard therapy for metastatic colorectal cancer (CRC), but the development of chemoresistance is inevitable. Increasing evidence shows that dysregulation of microRNAs (miRNAs) is involved in malignant transformation. Thus, it is imperative that we find new diagnostic and prognostic marker for chemotherapy in CRC.
Background
Colorectal cancer (CRC) is a leading cause of cancer-related deaths in the world. It is the second and third-most commonly diagnosed cancer in females and males respectively, and more than 1.2 million patients are diagnosed with CRC every year [1, 2] . Currently, CRC patients with lymph node metastasis (TNM stage III) are treated with adjuvant chemotherapy that includes cytotoxic drugs such as 5-fluorouracil (5-FU) and oxaliplatin, following surgical resection of the cancer [3, 4] . However, it is far from being the perfect treatment. Large proportion of patients receiving chemotherapy finally became metastatic and chemo-resistant, and this has been a key barrier to the efficacy of CRC treatment [5] [6] [7] . Thus, finding new diagnostic and prognostic targets will be indispensable for developing effective therapy for CRC patients.
Recently, a number of adjuvant strategies have also been developed to further enhance the response and survival rates. Despite the advances in diagnostic methods, such as fecal occult blood testing and stool DNA tests, early diagnosis for CRC still remains difficult and the overall survival rate of CRC patients has not changed dramatically [8] . At present, more and more researchers focus on non-invasive biomarkers, and one or a cluster of specific marker is urgently needed for increasing the early detection rate pf CRC and decreasing the mortality rate of CRC [9] . Predictive biomarkers are better if they are blood-based, as blood is easily available and provides the chance to monitor chemotherapy response. Therefore, it is important to identify blood markers that predict a patient's responsiveness to chemotherapy, which may allow for the development of targeted therapies for overcoming chemoresistance.
MicroRNAs (miRNAs) are increasingly recognized to be key regulators of gene expression in several biological systems, including cancer [10, 11] . They regulate gene expression primarily via their interaction with the 3'UTRs of target mRNAs, resulting in mRNA decay or translational repression [12] . MiRNAs in CRC tissue and serum have been reported to be of prognostic significance [13] . Liu et al. demonstrated that miR-1260b is a potential prognostic biomarker in CRC [14] . MiRNAs sometime exert a role as oncogenes or tumor suppressor genes through affecting the response to various therapeutic regimens. In recent years, studies have highlighted the association between miRNAs and response to some tumors [15] . These findings suggest that miRNA can act as important regulators during chemoresistance among different cancers.
Previous reports showed that miR-429 was important for predicting clinical outcome in gastric cancer patients through suppressing tumor cell proliferation and inhibiting tumor metastasis [16, 17] . However, another study revealed that miR-429 was an oncogene and predicted poor survival in ovarian cancer patients [18] . These findings suggest that miR-429 may be a oncogene or tumor suppressor in different conditions. Recently, Cantini et al. found that miR-429 has prognostic value in CRC [12] , but its role in CRC chemotherapy was still unknown. In this study, we intended to determine the miR-429 expression levels in primary tissues and serum from CRC patients, and further analyzed its association with pathologic factors. Moreover, the potential diagnostic and prognostic value in patients receiving 5-FU-based chemotherapy was also investigated. The results indicated that miR-429 expression was significantly downregulated in CRC patients and can serve as a diagnostic and prognostic factor in CRC patients receiving first-line 5-FU-based treatment.
Material and Methods

Patients and samples
For clinical parameter analysis, 78 CRC tissues and paired normal tissues were collected at the Second People's Hospital of Hefei City. Fresh surgical specimens were immediately frozen in liquid nitrogen and were then stored at -80°C until further use. At the same time, pre-operative blood samples were collected from another 45 patients with CRC, as well as from 45 healthy volunteers for further analysis. Immediately after collection, the blood samples were processed for isolation of cell-free nucleic acids to prevent contamination from cellular nucleic acids. Serum samples were then stored at -80°C until further processing. For the chemo-response study, 116 primary tissues were collected from the patients who received standard 5-FU-based chemotherapy at the Second People's Hospital of Hefei City between 2009 and 2013. All the patients were pathologically confirmed as CRC patients and the clinical samples were collected before chemotherapy was started. Patients were classified according to the WHO criteria and staged according to the tumor-node-metastasis (TNM) classification. Tumor response status was evaluated according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.0 criteria and was assigned to patients with complete or partial response (CR and PR, respectively) and stable or progressive disease (SD and PD, respectively) in tumor measurements confirmed by repeat studies performed no less than four weeks after the criteria for response was first met. Overall survival was updated on February 1, 2012 and was defined as the time from inclusion in the study until death for any reason. All patients received standardized follow-up including CT-scans of the chest and abdomen at 12 months and 36 months after surgery. Written informed consent was obtained from all patients according to local ethical regulations of the Ethics Committee of the Second People's Hospital of Hefei City.
Total RNA extraction
Total RNA of CRC tissues and adjacent tissues was extracted by using TRIzol (Invitrogen, USA); and plasma RNA was extracted by using acid phenol according to the manufacturer's instructions. Total RNA was quantified by microfluidics analysis (Gene Quant, Switzerland). The samples with A260 nm/A280 nm ratios between 1.8 and 2.0 were used for further experiments.
Quantitative Real-Time PCR (qRT-PCR)
For primary CRC tissues, the cDNA was synthesized from 200 ng extracted total RNA using the PrimeScript RT reagent Kit (Takara Bio Company, Shiga, Japan) and amplified by qRT-PCR with SYBR Green Kit (Takara Bio Company) on 7500 RealTime PCR system (Applied Biosystems). For serum miR-429 detection, we treated the total RNA with a reverse transcription kit (Bioteck, Beijing, China) according to the manufacturer's protocol to obtain cDNA and then qRT-PCR was performed by using 7500 RealTime PCR system (Applied Biosystems). The 2 -DCt method was used to determine the relative quantification of gene expression levels and U6 was used as a housekeeping gene. All reactions were performed in triplicate.
Statistical analysis
For CRC serum versus healthy control, and CRC tissue versus adjacent non-tumor tissue, differences in mean expression were determined using Mann-Whitney U test. The association between tissue and plasma miRNA levels was analyzed using the Spearman's correlation coefficient. The survival curves of CRC patients were estimated via the Kaplan-Meier method and the difference in survival curves was estimated using logrank testing. A p value <0.05 was considered statistically significant. Statistical analyses were undertaken using GraphPad Prism version 5.01 (GraphPad Software, San Diego, CA, USA).
Results
Expression of miR-429 in CRC tissues relative to adjacent non-tumorous tissues
Seventy-eight patients who provide primary tissue samples were enrolled in this study. Among these patients, there were 49 males and 29 females; 35 patients were older than 60 years of age, and 43 patients were younger than 60 years of age with the median age of 56 years old, range (31-79 years). According to the seventh edition of the tumor node metastasis (TNM) staging criteria of CRC, 8 cases were considered stage I, 34 cases were stage II, 29 cases were stage III, and 7 cases were stage IV. qRT-PCR was used to examine the miR-429 levels in 78 cancerous and paired noncancerous tissues, and our results indicated that the expression of miR-429 was significantly increased in tumor tissues compared with paired normal tissues (p<0.001, Figure 1A) . Moreover, the miR-429 expression in 60.3% (47 of 78) cases were 2-fold higher than in adjacent tissues ( Figure 1B ).
We then investigated to verify the correlation between miR-429 and clinicopathological characters. As shown in Table 1 , miR-429 expression was positively correlated with TNM stage, lymph node metastasis, distant metastasis and tumor size, while no correlations were observed between miR-429 expression and age, sex, tumor location, and differentiation. These results suggest that high expression of miR-429 may participate in the carcinogenesis of CRC.
MiRNAs expression in serum of CRC patients and healthy volunteers
To further verify the clinical value of miR-429 in diagnosis of CRC, we tested the expression level of miR-429 in serum of CRC patients. Another independent set of 45 serum samples from cancer patients (32 males and 13 females) were enrolled with the median age of 58 years old (range 40-72 years). The corresponding data were following: stage I (5 cases), II (19 cases), III (18 cases) and IV (3 cases); well differentiation (18 cases), moderately differentiation (17 cases) and poor differentiation (10 cases). Forty-five serum samples from healthy individuals (27 males and 18 females) were used as controls, and the median age of controls was 47 years old (range 25-69). As shown in Figure 1C , the serum miR-429 expression levels in CRC patients were also statistically significantly higher than healthy controls (p<0.01). We also analyzed the association of serum miR-429 with clincopathological factors. Different from the primary tissues, serum miR-429 level was significantly correlated with TNM stage, but not correlated with other factors such as age, sex, tumor location, tumor size, local invasion, lymph node metastasis, differentiation, and distant metastasis ( Table 2) .
MiR-429 is a diagnostic indicator for CRC patients
We next sought to validate the diagnostic role of miR-429 of primary CRC tissues by using the receiver operating characteristic (ROC) curve analysis, and compared it with the traditional CRC marker, CEA. As shown in Figure 2A and 2B, the area under the curve (AUC) of miR-429 were 0.775 (95% CI: 0.702-0.838). The diagnostic sensitivity and specificity was 71.790% and 62.820%, respectively. The AUC of miR-429 was higher than CEA, while its AUC was 0.742 (95% CI: 0.666-0.808), and diagnostic sensitivity and specificity were 70.51% and 64.10%, respectively. And there is no statistical significance of AUC between miR-429 and CEA. Besides, the expression of miR-429 was negatively correlated with CEA ( Figure 2C ). These data showed that miR-429 had a potential diagnostic value for CRC patients.
MiR-429 predicts poor survival in CRC patients
We also evaluated the role of miR-429 in prognosis of CRC patients. We divided these patients into a high and a low expression group by using the median value (4.89) of 78 primary CRC tissues. The 5-year survival rate of the CRC patients whose tumors expressed high levels of miR-429 was 35.9% (14/39), which was significantly lower than that of the patients whose tumors expressed low levels of miR-429 (66.7%, 26/39). More importantly, the Kaplan-Meier analysis indicated that patients with high expression of miR-429 was associated with shorter overall survival compared with the low expressing CRC patients (p=0.0021, Figure 2D ).
Low miR-429 expression was associated with positive response to 5-FU-based treatment in CRC patients
We next sought to validate the association between miR-429 and response to treatment in 116 primary tissues. Patients were divided into responding (CR+PR) and non-responding (SD+PD) groups according to RECIST criteria. The expression level of miR-429 was significantly higher in patients who did not respond to treatment (n=42) compared with patients responding to treatment (n=74) (p<0.001, Figure  3A) . To exclude the influence from different chemotherapy methods, miR-429 expression was determined in patients receiving different 5-FU-based regimens, and the results showed that no difference was found between different regimens, including FOLFOX (5-FU+oxaliplatin+leucovorin); FOLFIRI (5-FU+leucovorin+irinotecan) and 5-FU/Lv (5-FU+leucovorin) (p=0.1191, Figure 3B ). Then, a receiver operating characteristic (ROC) curve analysis was performed to investigate the potential significance in predicting the patients' response to chemotherapy. The area under the curve of miR-429 were 0.721 (95% CI: 0.630-0.800, Figure 3C ), and the diagnostic sensitivity and specificity reached 52.70% and 85.71%, respectively. These results indicated that miR-429 was associated with 5-FU-based chemo-response among CRC patients. MiR-429 is a prognostic factor in patients receiving 5-FUbased treatment
Finally, we aimed to explore the prognostic value of miR-429 for chemotherapy. When we stratified patients into a low (n=46) and a high (n=70) groups with the previously established optimal cut-off value of relative miR-429 level (3.08), the proportion of patients not responding to chemotherapy was significantly higher in the high miR-429 expressing group than in the low group (p<0.01, Figure 4A ). The 5-year survival rate of the CRC patients whose tumors expressed high levels of miR-429 was 21.4% (15/70), which was significantly lower than that of the patients whose tumors expressed low levels of miR-429 (52.2%, 24/46); this difference was statistically significant (p=0.0011). Besides, the Kaplan-Meier survival analysis also showed that patients with a low level of miR-429 expression had a significant longer overall survival than did those with a high level of miR-429 expression (p=0.0001, Figure 4B ). Furthermore, we performed Cox regression multivariate analysis to identify whether miR-429 was an independent indicator for overall survival of CRC patients who received 5-FU chemotherapy. As expected, a high miR-429 level was significantly correlated with poorer survival in an independent manner (Table 3) . Taken together, these results indicated that miR-429 was an independent predictor for chemo-response to 5-FU-based treatment in CRC patients.
Discussion
Despite recent chemotherapeutic regimens that have significantly increased survival in metastatic disease, invariably, nearly all CRC patients finally become chemo-resistant [5] . It is urgent to find new diagnostic methods and prognostic targets for CRC. In this study, we validated the upregulation of miR-429 among CRC specimens and serum samples, and found that enhanced miR-429 expression was correlated with tumor progression in CRC. Moreover, we found that high miR-429 expression was negatively associated with chemotherapy response in CRC patients receiving 5-FU-based chemotherapy.
MicroRNAs, acting as post-transcriptional regulators of gene expression, can regulate 30% of the protein coding genes in the human genome [12, 19] . Several studies have identified miR-429 as an oncogene that is involved in the development in early stages of malignancies. It is reported to promote tumor progression in pancreatic cancer [20] ; and downregulation of miR-429 was found to significantly inhibited cell growth of endometrial tumors [21] . Recently, Cristobal et al. reported that deregulation of miR-429 indicated its potential relevant role in patients with colorectal cancer liver metastasis, which further indicating the functional role of miR-429 in CRC [22] . Consistent with previous studies, our data showed that the miR-429 levels increased statistically significantly in CRC specimens compared with corresponding adjacent non-tumorous tissue. We also found that enhanced miR-429 expression was associated with tumor progression, such as TNM stage. Besides, the ROC curves revealed a comparative diagnostic value of miR-429 when compared with CEA, a traditional biomarker in CRC. These findings indicated that miR-429 could be a diagnostic indicator for CRC patients.
It is widely accepted that the effective ways to improve the recovery rate and the prognosis of cancer patients are early detection and early treatment [23] . Therefore, it is very important to search for cell-free markers for early diagnosis and prognosis evaluation. MicroRNA stability is a prerequisite for potential tumor markers [24] . Utilizing miRNA expression level 
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in peripheral blood to diagnose tumors early is effective and deserves to be explored further because miRNA is very stable in blood plasma and serum. Thus, we wondered whether miR-429 is also highly expressed in peripheral blood of CRC patients. Our results indicated that miR-429 levels were also significantly increased in serum from CRC patients compared with healthy controls, which further validated the potential function of miR-429 in CRC patients.
5-fluorouracil is an antimetabolite used as the first-line chemotherapeutic agent for various cancers. However, patients who respond to chemotherapy initially will eventually acquire resistance to these treatments, and the mechanisms underlying such acquired chemoresistance remain unclear. Elucidating the mechanisms of chemoresistance is critical for development of effective therapeutic strategies. The identification of cancerspecific miRNAs is critical for understanding the roles of miRNAs in tumorigenesis and may be important for defining novel therapeutic targets [25, 26] . Karaayvaz et al. revealed that enhanced miR-129 expression in CRC promoted cell death and improved chemosensitivity to 5-FU treatment [27] . Moreover, Liu et al. found that miR-429 was an oncogene regulated by evodiamine and berberine in human CRC. These studies indicated that miR-429 might play important roles during chemotherapy in CRC [28] . In our research, our novel results indicated that miR-429 was significantly correlated with 5-FU response in CRC patients, and exerted its important function in distinguishing the patients with a response to 5-FU treatment from the patients with no response. Moreover, high miR-429 level was positively associated with objective response in CRC patients receiving 5-FU-based chemotherapy. These results revealed a diagnostic value of miR-429 for 5-FU-based chemotherapy in CRC patients.
We also investigated the prognostic function of miR-429 in CRC. CRC patients who expressed high miR-429 levels showed a shorter 5-year survival rate than patients with low miR-429 levels. These data, together with further multivariate analyses, suggest that high expression of miR-429 might be a significant independent predictor of poor prognosis for CRC patients. Additionally, the survival analysis indicated that overall survival of CRC patients with high level miR-429 expression who received 5-FU-based chemotherapy was significantly lower than that of patients with low-level miR-429 expression. Thus, it was concluded that overexpression of miR-429 might be involved in 5-FU resistant phenotypes of human CRCs.
A limitation of the current study is a lack of a large cohort of samples to establish a strong correlation between the expression of miR-429 and chemo-response to 5-FU-based treatments among CRC patients. Future studies with a large cohort of samples based on a multi-center, randomized controlled trial are needed to help identify potential clinical applications of miR-429 in CRC patients. Besides, this article focused only on individual phenomena, and further explanation of the underlying mechanism (e.g., miRNA target genes) or mechanistic pathways are needed in future studies.
Conclusions
In conclusion, this study showed that high miR-429 expression levels in CRC tissues and serum was associated with
